Dicotyledons and non-grass monocotyledons, suffering from iron deficiency, develop Fe-efficiency reactions in the roots (15), such as a high reduction capacity for ferric chelates (1, 5, 14) rhizosphere acidification by proton excretion (16) and morphological changes such as increased root hair formation (13) and formation of rhizodermal transfer cells ( 12) .
It is not known where the control on the development of these reactions is located. By grafting experiments, Brown showed that both in tomato and soybeans a gene controlling Fe-efficiency reactions exerts its effect in the root (3, 4). This does not imply that the control on Fe-efficiency reactions is located there. Conceivably, in both cases the roots might have lost the capacity to respond to a signal from the leaves to turn on the reactions ('chlorosis signal'). Indeed, Landsberg (8) observed that proton extrusion by roots of Fe-deficient sunflower was sensitive to cutting of some, not all, of the leaves. Addition of sucrose to the medium did not restore proton extrusion. We Growth of roots on tubers. Potato tubers of the cv Bintje, stored for 1 year in the dark at 8C, were a gift from Dr. van der Plas, Vrije Universiteit, Amsterdam. They were placed on perlite moistened with Knop nutrient solution without added Fe, and left in the dark at 23°C and 65% RH. After 2 to 3 weeks, potatoes which showed fresh sprout and root growth were placed on the openings of200-ml glass pots filled with aerated nutrient solution with or without 40 ,M Fe-EDTA, so that only the roots were hanging in the fluid. The sprouts were excised immediately above the origin of the roots; every day the plants were controlled to remove new sprouts ( Fig. 1 ). For growth on agar, root systems attached to the potatoes were spread on a 0.5 cm thick layer of 0.75% agar containing 0.1 strength Fe-free Knop nutrient solution and 0.006% bromocresol purple at pH 5.8 (16).
Ferric reduction activity of root tips (5-7 in each assay) was measured in the dark in 1 ml 5 mM Mes, 0.5 mM CaSO4, 100 AM Fe(III)-EDTA, 400 AM bathophenanthrolinesulfonate at pH 5.5 and 25°C. The assay was performed in a pasteur pipette, which was closed at the tip and aerated through a capillary, or in an Eppendorf reaction vessel which was continuously rotated.
The A53560 was determined after 0.5 to 3 h. Controls contained no roots or no Fe-EDTA. hairs and with a high ferric reductase and nitro blue tetrazolium reduction activity. Control roots had a low ferric reduction activity and showed tetrazolium reduction only in the 0.5 mm tip region. Fe-deficient plants lowered the pH of the nutrient solution from 5.3 to 3.6 within 1 day after medium renewal, while Fe-sufficient controls always raised the pH. These results are summarized in Table I. Roots growing on nutrient solution from a tuber developed zones with root hairs within 8 to 20 d after transfer to Fe-free medium, as in the intact plants. In these zones rhizodermal transfer cells were present, and tetrazolium was reduced. The ferric reductase activity of those root parts that showed these symptoms was increased with respect to the controls grown on Fe (Table I) . When one-half of a root system grown without iron for 10 d was harvested for ferric reductase determination, and the other half was cultured further on medium with iron, this latter half decreased its ferric reductase to the control level; root hair formation ceased (Table I) .
Roots growing from sproutless tubers on agar containing Fefree medium and the pH indicator bromocresol purple showed yellowing of the agar around the tips within 2 d after layering of the roots on the gel, indicating a local pH less than 4. When a solution of Fe-EDTA was flooded over the agar leading to a final concentration of 200 Mm, the intensity of the yellow spots increased for 1 day (cJf De Vos et al. [6] ), after which they disappeared gradually to be replaced by the purple color indicating pH 6 or higher.
Finally, sterile roots were grown on liquid Murashige-Skoog medium with and without Fe. The roots were left attached to their stem bases in order to prevent them floating loosely around the medium. After I week the roots were assayed for ferric reductase and tetrazolium reduction. Ferric reductase activity was increased upon iron shortage, to the same degree as in the roots grown on tubers (Table I ). The pattern of tetrazolium reduction was the same as in the roots on intact plants or from tubers, but the colored zones were shorter and less intensely blue. In Fe-free roots tetrazolium reduction was confined to the 2 to 5 mm zone behind the tip, which also carried the root hairs. In these zones rhizodermal transfer cells were formed (Fig. 2) . Control roots growing with Fe also formed root hairs, but in more elongated zones (5-30 mm behind the tip). In these zones, however, no tetrazolium reduction occurred, not even after prolonged (3 h) incubation; only the 0.5 mm tip reduced tetrazolium, as in control roots grown on tubers or on intact plants. No rhizodermal transfer cells were found in these roots (Fig. 2) . The pH of the growth medium was not monitored.
DISCUSSION
Roots of potato plants showed the characteristic Fe-efficiency reactions of dicotyledons when grown on low-Fe medium (Table  I ) (cf. Romheld and Kramer [12] ); it was shown earlier that potato roots also develop rhizodermal transfer cells upon iron deficiency ( 12) . Roots growing on tubers with the sprouts cut off showed the same responses, both morphologically (root hairs, transfer cells) and biochemically (reduction of ferric chelate and tetrazolium, proton extrusion), although the expression was less vigorous (Table I) . Fe-efficiency reactions, once developed, were turned off again upon further growth on Fe-containing nutrient solution (Table I) 
